Abstract Purpose: The results from Radiation Therapy Oncology Group (RTOG) 0617, a dose escalation trial that compared treatment with 60 Gy versus 74 Gy for patients with stage III non-small cell lung cancer (NSCLC), suggested that in these patients, the heart dose from radiation therapy correlates with survival. In particular, the study noted that patients with a high heart V5 and V30 had a poorer overall survival; however, the exact cause of this correlation is not known. We hypothesize that heart dose may be a surrogate for mediastinal nodal involvement, which has prognostic value in NSCLC. This study evaluates the relationship between heart dose and involvement of mediastinal lymph nodes in patients with stage III NSCLC treated with radiation therapy. Methods and materials: A total of 56 patients were identified and treated with definitive radiation therapy from 2007 to 2014. The heart was recontoured for every patient by a single physician, per the RTOG 1106 contouring atlas. We assessed lymph node station involvement using pretreatment data, and nodal coverage was confirmed on plan review. Results: Mean heart dose was found to be significantly higher in patients with multinodal station and level 7 involvement. On Spearman's rank correlation, level 7 was significantly associated with all heart parameters tested (P < .001). Patients who had 2 or more lymph node stations involved were found to have significantly higher heart doses for all parameters tested when compared with those who had only one station involved or no nodal involvement. Conclusions: Our findings suggest that heart dose may be a surrogate for other prognostic factors in stage III NSCLC rather than an independent predictor of outcome.
Introduction
The results of Radiation Therapy Oncology Group (RTOG) 0617, a randomized phase III trial that evaluated both dose escalation and the use of cetuximab in addition to concurrent chemoradiation in the treatment of unresectable stage III non-small cell lung cancer (NSCLC), were recently published and showed a detriment with higher doses of radiation therapy and no benefit to the addition of treatment with cetuximab. 1 On dosimetric evaluation, heart dose was unexpectedly found to be a negative predictor of survival. It currently is unclear whether this is a causal or associative relationship (ie, is heart dose the cause of increased mortality or a surrogate for another poor prognostic factor).
Mediastinal lymph node involvement in NSCLC is a prognostic indicator of poor outcomes compared with patients with an earlier stage of NSCLC. Multiple surgical series have shown that multistation nodal disease, subcarinal lymph node involvement (level 7 lymph nodes) in particular, confers an especially poor prognosis. Iwasaki et al 2 examined 142 patients with T1-3 N2 NSCLC who underwent an attempted curative resection and concluded that surgery for these patients might be acceptable if subcarinal lymph node metastasis is absent because of a 0% 5-year overall survival (OS) for patients with subcarinal involvement. Similarly, Watanabe et al. 3 examined 199 patients with N2 NSCLC and found that patients with single-level metastases had a significantly better survival rate than those with multilevel metastases. The researchers also noted that subcarinal nodal involvement had an unfavorable effect in the case of singlelevel metastasis. 3 The prognostic value of mediastinal nodal stations and extent of involvement have been supported by multiple other surgical series as well. [4] [5] [6] The clinical impact of the extent and location of mediastinal lymph node involvement on the survival of patients with T1e4 N2e3 M0 stage III NSCLC treated with definitive chemoradiation or definitive radiation therapy alone has also been explored. 7 A series of 106 patients from the University of Pennsylvania found that subcarinal nodal involvement was a significant negative predictor of OS on multivariable analysis.
Anatomically, the subcarinal nodes are located caudally to the carina of the trachea, around the superior edge of the heart. Therefore, we propose to investigate the relationship between radiation dose to the heart and mediastinal nodal involvement to investigate a possible correlation between the two, which could explain the association between heart dose and survival.
Methods and materials
In an institutional review boardeapproved study, we reviewed an institutional database and identified 56 patients who were diagnosed with stage IIIA/B NSCLC treated definitively with radiation at our institution between 2007 and 2014. A total of 50 patients were treated with definitive chemoradiation therapy, and 6 patients were treated with radiation therapy alone. Patients who were treated with concurrent chemotherapy primarily received either a combination of cisplatin and etoposide or carboplatin and paclitaxel. The median radiation therapy dose was 66 Gy delivered in 1.8 Gy fractions (range, 59.4-73.8 Gy; delivered in 1.8-2 Gy fractions). Doses were selected at the discretion of the treating physician, and all patients were treated prior to the publication of the results of RTOG 0617. In all patients, radiation was targeted to gross disease only without elective nodal coverage. Thirty-three patients (59%) were treated using 3-dimensional conformal therapy, and 23 patients (41%) were treated using intensity modulated radiation therapy.
For radiographic evaluation of mediastinal lymph node involvement, we reviewed pretreatment positron emission tomography-computed tomography (CT) scans, which were available for all but 2 patients. For the 3 patients without positron emission tomography-CT scans, pretreatment diagnostic CT scans and radiation treatmentplanning CT scans were used. Thirty-seven patients also underwent surgical staging of the mediastinum. All dosimetric plans were reviewed to confirm the planning target volume coverage of the recorded involved nodal stations, and all patients had their heart volume recontoured by a single physician (J.Z.) per the RTOG 1106 contouring atlas.
The primary endpoint of this study was to demonstrate an association between the extent and location of involved and treated mediastinal lymph nodes and the radiation dose that the heart received. Multistation nodal involvement was considered as involvement of 2 or more stations of levels 1 to 9. The Spearman's rank correlation was performed to test the association of both any mediastinal lymph node involvement and individual lymph node station (2-10) involvement on heart V5 Gy, V40 Gy, V50 Gy, and mean heart dose.
All statistical analyses were performed using OriginPro 9.1 (OriginLab Corporation, Northhamptom, MA).
Results
Patient characteristics are listed in Table 1 . The median age of patients who were treated was 64.3 years (range, 38.4-85.9). Fifty-two of 56 patients (92.8%) were determined to have involvement of at least one of station 1 to 9 lymph nodes. Of these patients, 34 had subcarinal involvement and 43 had multistation nodal involvement. For those with multistation nodal involvement, the median number of lymph node stations involved was 3 (range, 2-9).
Individual nodal stations
Results from the Spearman's rank correlation are shown in Table 2 . When evaluating the interaction between individual lymph node stations and heart dose, level 7 involvement was associated with a higher dose to the heart Advances in Radiation Oncology: AprileJune 2017
Impact of nodal involvement on heart dose in all parameters that were examined, including mean heart dose, V5 Gy, V40 Gy, and V50 Gy (P < .001 for all parameters). Level 9 involvement was significantly associated with a higher mean heart dose (P Z .043), V5 Gy (P Z .021), and V40 Gy (P Z .0214), but not V50 Gy. Level 4L involvement was associated with higher V40 Gy (P Z .031). Figure 1 and Table 3 show the distribution and median values in patients with and without level 7 involvement and the associated levels of significance. The remainder of the lymph node stations did not significantly affect any of the tested heart dose parameters.
Multistation nodal involvement
Patients who had 2 or more lymph node stations involved were found to have significantly higher heart doses for all parameters that were tested when compared with those who had only one station involved or no nodal involvement. The mean heart dose was reduced from 19.5 to 6.9 Gy (P Z .005), V5 Gy from 56.7% to 23.8% (P Z .005), V40 Gy from 19.0% to 3.6% (P Z .009), and V50 Gy from 14.9% to 2.3% (P Z .03). Table 3 show the distribution of and median values in patients with and without multistation nodal involvement and the associated levels of significance.
Survival
After a median follow-up of 14.9 months (range, 2.6-123.2 months), the median OS for the entire cohort was 20.5 months. The estimated 2-year OS rate was 44.3 months.
Discussion
In RTOG 0617, one of the reported findings in the multivariate analysis was that heart V5 and V30 significantly increased the risk of death. 1 However, neither acute nor late cardiac toxicities were specifically followed and therefore were not reported. Furthermore, heart doses were not compared between the standard and high dose groups. In older studies that used less conformal techniques and adequate dosing, such as RTOG 9410, grade 3 or greater acute and toxicities were noted to be 5% or less in all arms of patients, with only one death related to a cardiac event noted. 8 Another study by Schytte et al, 9 which retrospectively evaluated heart dose and toxicity for consecutive patients treated with definitive radiation therapy for NSCLC, found no correlation between mean heart dose to the entire heart, left ventricle, or both ventricles and cardiac events or survival. These studies suggest that although heart dose may be important, it may not be cardiac toxicity that is driving survival in this patient population.
In patients who undergo definitive radiation therapy with or without chemotherapy, Fernandes et al 7 also found that subcarinal nodal involvement may be one of the most important factors driving survival in patients with stage III NSCLC. In this study, 106 patients were divided into 4 categories on the basis of the location of lymph node involvement. In patients with stage IIIA disease, even though no difference in local control was seen, there was a significant reduction in 2-year survival and distant failure rates observed among those with subcarinal involvement compared with patients without subcarinal involvement (24.1% vs. 52.6%, P Z .016 and 28.4% vs. 61.2%, P Z .043, respectively).
Further subgroup analysis beyond the correlation of location and extent of mediastinal lymph node involvement and heart dose in our patient population was limited because of the number of patients included in the analysis and the relatively short follow-up period. Therefore, the overall number of events did not allow for an analysis of the effect of heart dose on survival or other endpoints, such as local control or toxicity. Additionally, due to the retrospective nature of this study, our patient population was fairly heterogeneous with regard to work up, followup, treated dose, radiation treatment technique, and systemic therapy, and these differences may potentially have confounded the results.
In our study, we showed that both location and extent of mediastinal lymph node involvement correlates with heart dose on a number of dosimetric parameters. Because of the small number of patients in our cohort and a relatively short follow-up, we did not have adequate patient numbers to evaluate survival as a function of heart dose or nodal station involvement. However, our results suggest that heart dose may be a surrogate for extent and location of mediastinal nodal involvement rather than an independent predictor of survival. Further prospective analysis with larger patient numbers and longer follow-up will be required to validate our findings and assess whether heart dose is an independent predictor of survival in patients with locally advanced NSCLC. Advances in Radiation Oncology: AprileJune 2017 Impact of nodal involvement on heart dose
